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Abstract 
The purpose of this paper is to study the distribution networks in order to reduce the costs in this phase. Considering the 
distribution networks of traditional postal service, carried out by the operator of the universal postal service in cities. 
Acting directly on the stage that generates more costs for the quantity of human and material resources needed, it can achieve 
efficiency in distribution and in quality. Optimizing the process it is possible to obtain better use with the already existing 
resources. 
It starts with real data from a specific population and by analysis of this information, a study is conducted. It has taken into 
account various influencing factors: product distribution media and distribution points for greater efficiency and resource 
optimization of the distribution networks. 
In particular we have studied Section 21 located in the Distribution Unit of Posts and Telegraphs State, Anonymous Society, in 
Estepona (Málaga). 
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1. THE POSTAL SECTOR 
The postal sector has undergone an extensive transformation in the last decade, largely as a result of the habits 
and needs of consumers and the rapid progress of information technologies and communication. 
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1.1. The postal sector in Spain. 
The postal market in Spain includes two main sectors: the traditional postal sector and the industrial and 
commercial sector. The traditional postal sector covers the provision of sending letters and packages in reduced 
weight, periodicals, books, catalogs and direct mail. The industrial and commercial sector includes industrial 
packaging, commercial packaging and messaging. 
Table 1. Structure of the Spanish postal market. CNC (2011). 
Sector Postal Tradicional Sector Industrial y comercial 
Servicio Postal Universal No Servicio Postal 
Universal 
Paquetería Industrial Mensajería y Paquetería 
Comercial 





. Paquete postal entre 10 
y 20 kg. 
. Paquetes de elevado 
peso 
. Otros servicios de 
valor añadido 
. Mensajería /Courier 
- Cartas urgentes 
- Paquete express 
de bajo peso 
. Otros servicios de 
valor añadido 
. Carta interurbana <50 
gr. 
. Carta internacional 
<50 gr. 
. Servicio de certificado 
. Servicio de valor 
declarado 
. Comunicación de 
AAPP 
. Giro postal 
. Carta local 
. Carta interurbana > 50 
gr. 
. Carta internacional > 
50 gr. 
. Paquete postal  
< 10 kg. 
 
Industrial and Commercial markets are the most attractive to companies who are engaged in postal service, 
representing approximately 80% of the market turnover. 
The Traditional Postal Service in Spain represents a very low percentage of profits, so it is not attractive for 
companies, because of the low population density and topography of the land, except for the coast and the large 
inland cities. The low demand for postal operators in this service, forces the Spanish state to designate an operator to 
provide the service in all national populations without discrimination. 
1.2. Demand of the Postal Service 
There are five major groups of postal services: homes, Small and Medium Business, Large Business, Public 
Administration, companies that use the postal service as an essential element (advertising, marketing, distance 
selling, etc). Companies and public administration account for 90% of shipments, with the largest issuers and major 
recipient homes. 
Private operators are focused on business demand to be more profitable, exploiting economies of scale where 
large companies are located in areas of high population density. In this group there are large emitters, such as 
financial institutions and telecommunications, electricity, water and gas businesses. 
The demand for traditional postal service is very low in comparison to other EU countries. 
1.3. Costs of the Postal Service 
The geographical position of plaintiffs has an impact on the costs of operators. The investment in collection and 
distribution networks is conditioned by these costs. 
The postal service includes the following steps: collecting, preparing and sorting, transport and final distribution. 
Each of these phases affect a certain percentage of the final cost; greater weight is generated by the final 
distribution, accounting for approximately 50% of the total cost. 
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The object of this article is to study the distribution networks for the purpose of reducing the costs in this step. 
Taking into account the networks used for distributing the traditional postal service, managed by the operator of the 
universal postal service in cities. 
Acting directly on the stage that generates most costs for the quantity of human and material resources needed, it 
can achieve efficiency in distribution and quality. Optimizing the process it is possible to obtain better use with the 
already existing resources. 
 











Fig. 1. (a) Cost in the letter delivery service; (b) Cost in the package delivery service. NERA (2004). 
2. DISTRIBUTION IN CITIES. 
The distribution of the various products in cities largely depends on various factors, which may be known or 
unknown. At this point we will discuss the most important in the distribution. 
2.1.  Product. 
The existences of various products are shown in Table 1. These products are classified into two main groups 
depending on the delivery method. In a more impersonal form directly depositing the mail in the mailbox, or more 
personally delivered by hand. 
2.1.1.  In Mailbox. 
The products that include this set are: national and international standard letters, periodicals, catalogs, ordinary 
packages under 2kg, etc... The deliveries of these goods are made to the existing mailbox or container at the point of 
destination. These products represent the largest volume being a quick delivery. 
2.1.2. By Hand. 
Parcel services, certified letters, notices, orders, express letters, etc., are included in the second group. These 
products are delivered to the recipient by hand after being identified or authorized by a different person. The 
signature of the person receiving it is required. This method represents a much smaller volume than the previous 
block. 
2.2.  Delivery Point. 
Another important factor is the distribution of the delivery points in the areas of distribution. These distribution 
points are divided into two sets. 
2.2.1. Individual. 
The shops and houses fit mainly in this group. Everyone has his own mailbox or container for receiving ordinary 
mail. 
580   José Antonio Vera López et al. /  Procedia - Social and Behavioral Sciences  160 ( 2014 )  577 – 586 
2.2.2. Mass 
In this large group we can differentiate two: in joint mailboxes or common mailboxes for community use. This 
set is made up of building blocks, major urbanizations or communities. 
2.3. Medium Cast 
The distribution of postal service in the cities can be performed in several ways depending on the infrastructure 
that counts each of the delivery units. It’s normally done on foot or by motorized vehicles. The following describes 
each of them. 
2.3.1. On foot 
It is done with the help of a cart where everyone introduces the different products to distribute. The volume of 
distribution is directly limited by the capacity of the cart. 
The persons in charge the distribution on foot distributes the mail in areas near the office cast. The postmen have 
the possibility to use public transport if located in large cities, with an efficient service. The travel time between the 
office and the area of distribution is conditioned by the distance between them. The distribution on foot is limited by 
the travel of the worker in a workday. 
2.3.2. Motorized 
Offices which have motorized vehicles means they can use two types of motor vehicles, motorcycles and vans. 
Motorcycles have a box, and the small size of it limits the volume of products to distribute. The large capacity vans 
allow the distribution of larger amounts. 
Motorcycles are used to distribute in remote areas of the distribution center. They focus on the distribution of 
standard letters, journals, small packages, etc. 
Vans are usually used for transportation and parcel delivery of larger capacities. 
3. METHODOLOGY 
For the implementation of this article we followed a set of steps, which are described below. 
3.1. Data Collection 
Data collection is one of the main actions, without information you can’t make a study of the real market. The 
minimum data necessary for performing the following case study are: 
3.1.1. Data mailings. 
Today, thanks to the computerization of data recorded by the Correos group, it is relatively easy to acquire 
information on mailings made by ordinary and registered mail. Each delivery point belonging to the Correos Group 
manages its daily distribution statistics.  
In the case of mail, the numbers of daily entries in each office distribution are controlled: National, international 
and publicorreo (periodicals, advertising, thematic magazines ...):  
Registered mail, are followed up more strictly (certificates, notices, orders, package, etc..). The published 
statistics also show the number of daily entries, the status of each by sector distribution. You can see the actual 
number of each of the products offered (certified letters, notices, orders, etc) daily deliveries for each worker. It is 
this way is obtained the exact number of deals delivered, returned, etc. 
3.1.2. Data delivery points. 
To obtain the actual distribution points it is necessary to go to each of the sectors established. There are currently 
no reliable data on the number of homes, premises, etc., existing. The cadastre and the National Institute of Statistics 
(INE) provide information on the number of houses and people living in them, in each of the study areas. As the 
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information obtained is not enough, it is people that make the distribution of each sector the real sources of 
information in collecting this data. They travel daily in the sector and know perfectly each area of distribution. 
3.2. Data Studio 
With data previously obtained from the publications of the Correos group, a daily study of the amount of 
correspondence received in each sector is made. Specifically our study focuses on Sector 21. 
Using location maps and aerial photos of the city obtained in this case Google Maps, where each point (nodes) is 
marked for distribution of the studied sector. For simplicity the sector 21 is divided into 5 sub deliveries on foot, 
which will be connected together by motorcycle, to reduce travel time. Marking one by one the different points of 
each sub-division and solving the MILP (Mixed Integer Linear Programming) method. This way the minimum 
distance travelled by the person who passes through each point of distribution is optimized only once. 
Once represented each point we create the graphs taking into account the various factors and their impact. Each 
graph is considered separately and finally the results together. For this it will be solved by MILP and Dijkstra. 
3.3. Analysis. 
With the data obtained in the graphs and taking into account the time limitation due to the preset working time, 
conclusions are obtained even at the times not taken into account. The overcrowded or otherwise by free charge 
sectors may be redistributed, effectively taking advantage existing resources in each unit. 
4. CASE STUDY. 
4.1. Description of the study area. 
In particular we have studied Section 21 of the Postal Distribution Unit Township Estepona (Málaga). This 











 Fig. 2. Section 21 of the post distribution unit Estepona. 
Los Barrios de Cristo Rey and San Isidro are made up generally by two floor family houses and small blocks of 
three levels. The streets that make up these neighborhoods are narrow and single lane road traffic. 
The Fuerzas Armadas zone consists of several blocks, some of them have up to seven floors. María Magdalena 
street and Fuerzas Armadas street vehicles circulate in one direction, by contrast Plaza Fuerzas Armadas is 
pedestrian. 
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Both Residenciales de la Viña, I and II, are a set of six levels blocks. They are accessed by Pilar de Farinos Street 
and Avenue San Lorenzo respectively. Access to these residential areas is pedestrian.  
The buildings of the Central Park area are blocks of new construction, with eight floors. These buildings have 
pedestrian and vehicle access.  
4.2. Details of U. D. Estepona. 
The UD from Estepona is in Caridad Street, no 27. The town of Estepona is divided into 25 sectors of distribution 
(15 on motorcycles, 2 by van and 8 on foot), and two units of boxes, one with motorcycle and the other with van. 
Ultimately, the U.D. has 16 motorcycles and 3 vans for daily distribution. 
A this U.D. arriving daily various types of products. In Figure 3 (a) it shows the products distributed monthly 
during the year 2013. 
 

















Fig. 3.(a)Distribution of products by month (2013); (b) Average daily volume of deliveries per month (2013); (c) Average volume of items 
delivered per day in the Sector 21 (2013). 
In this particular case, Figure 3 (b) shows the average daily volume of deliveries per month (2013) on the 
distribution unit. 
On 10th January 2013, it turned out to be the largest influx of ordinary mail with a total of 38,466 deliveries. As 
in 2013 the average daily ordinary deliveries were 14,467. In the case of registered mail, the daily average admitted 
during 2013 was 1,133 deliveries. 
Figure 3 (c) shows the average volume of items delivered per day in the sector 21. 
In particular section 21 is studied, where the maximum ordinary type items delivered in one day was 1,539. The 
daily average daily mailing delivered last year was 580. In the case of registered mail, the same year the average was 
36 deliveries daily.  
4.3. Points of deals.  
There are two types of distribution points, individual and mass. In Figure 4 the different areas depending on the 
type distribution are shown as shaded red areas which show the mass distribution points and those shaded in purple 
are the distribution individual points. 















Fig. 4. Individual or mass distribution areas in Section 21. 
4.4. Study. 
To study this sector it is divided into five zones this way simplifying the analysis. 
4.4.1. Barrio San Isidro. 
In Figure 5 (a) the distribution points of the neighborhood are shown. Once made the connections between points 
and resolute the graph, the optimal route is obtained of Barrio San Isidro, with a length of 2086.18 m. The 
connection between nodes is: 
"0-1-21-22-23-24-25-26-27-28-29-38-37-36-35-48-49-50-47-39-40-41-42-34-57-56-55-54-53-52-51-46-45-44-
43-57-32-31-30-20-12-11-10-9-8-7-6-19-18-17-16-15 - 4-13-3-4-5-2-0 ". 
4.4.2. Fuerzas Armadas.  
In Figure 5 (b) the distribution points of the neighborhood are seen. Once made the connections between points 
and resolute the graph, the optimal path is obtained of Fuerzas Armadas, with a length of 999,20 m. The connection 
between nodes is:  
"0-1-2-4-5-6-7-8-17-16-15-14-13-12-11-10-9-3-0"  
4.4.3. Residencial La Viña I and II.  
In Figure 5 (c) the distribution points of the neighborhood are seen. Once made the connections between points 
and resolute the graph, the optimal route is obtained   of Residendial La Viña I and II, with a length of 786.88 m. 
The connection between nodes is:  
"0-2-7-8-9-6-5-4-3-1-0" 
 
4.4.4. Parque Central.  
In Figure 5 (d) the distribution points of the neighborhood are seen. Once made the connections between points 
and resolute the graph, the optimal route is obtained of the Central Park area, with a length of 1023.12 m. The 
connection between nodes is:  
"0-2-3-4-5-6-7-8-9-10-1-0"  
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4.4.5. Barrio Cristo Rey.  
In Figure 5 (e) the distribution points of the neighborhood are seen. Once made the connections between points 
and resolute the graph, the optimal route is obtained  of Barrio Cristo Rey, with a length of 2093.39 m. The 








































Fig. 5. (a) Graph San Isidro; (b)Graph Fuerza Armadas; (c) Graph Residencial la Viña I  and II; (d) Graph Parque Cental; (e)Graph Barrio Cristo 
Rey. 
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4.4.6. Union of sectors. 
Due to the long distance between the distribution area and the UD of Estepona the need for a vehicle is important 
for the distribution. Once the recipient is located in a distribution sector, it is necessary to find a minimum path that 
connects the five subareas analyzed in the previous sections. 
In Figure 6 the graph of the complete sector, with each of the possible paths that can be done to the vehicle is 
mapped. After analyzing all the options and exclude those which have not covered the five sections studied, we  find 
that the shortest path connecting all 5 subzones is 560.2 m away. The correct connection between the existing nodes 
is: "4-2-3-5-10-15-16-18" 
4.5. Analysis. 
As previously, the number of distributed daily products and the route between different delivery points are the 
main elements at the time of the distribution. The quantity of products can range from day to day depending on 
demand, while the journey that makes the distributor is always the same. So if the displacements are optimized 
greater benefit is achieved and better use of available resources at UD Estepona. 
The factor that determines the distribution sector is time. The total delivery time (T) (1) is usually four and a half 
hours. The T has two components: travel time (Tr) (2) and delivery time (Te) (3). The Tr depends directly on the 
means used: Walking (Trp) and motorcycle (Trm). Delivery time (Te) changes depending on whether delivery is in 
mailbox (Teb) or by hand (Tem). 
TeTrT    (1) 
TrmTrpTr    (2) 
TrmTebTe    (3) 
To calculate the Tr it is necessary to know the average speeds of the different means of movement in town. 
According to the Department General of Traffic (Spain (2000) it can be taken as the average speed for pedestrians 
1.25 m / s and for motor vehicles 4.15 m / s. In the case of motor vehicles, travel time must also be taken into 
account and also the time the vehicle is stopped or, in this case the study is to be assumed that a motorcycle is 60 s 
per stop. 
mDp 77,6988   (4) 
mDm 560   (5) 











77,6988(  u 
 (7) 
In the case of Teb whether of mass or individually can be taken as the average 3s by product to be delivered. In 
the case of performing hand delivery, this time up to 180s. The delivery time details are verified with practice. 
580 Pb   (8) 
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36 Pm   (9) 
sssTe 8220)18036()3580(  uu  (10) 
In this case study, you get Tr (7) of 6026s and Te (10) of 8220s. Feel T (1) of 14246s in any case less than 
16200s that lasts a day of actual distribution. 
5. CONCLUSIONS 
Once studied and analyzed the data the different conclusions are obtained: 
  
First, an overall study can make a city more equitable for distribution of the workload. In this particular case, 
after finding the optimum path the possibility of adding more workloads, this can be done by broadening the area 
where adjoining streets are without adding more time for deliveries. 
  
Furthermore, analyzing the vehicle routes are possible to optimize, reducing the fuel consumption assuming a 
large economic saving annually. This directly affects the final price of the postal service to the end user and a higher 
profit for the company. 
  
Finally, optimizing transport routes, we can make better use of existing resources, both personnel and vehicles, 
also adapting these changes to the variations of the market, always getting huge savings in distribution. 
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